Abstract 1,3-dipolar cycloaddition of acetylenes and olefins to 3-methoxy-14,17-etheno-16α-nitroestra-1,3,5(10)-trien-17β-yl acetate and its 17 1 ,17 2 -dihydro derivative has been studied. Corresponding 14β-substituted steroids with an isoxazole or isoxazoline ring have been prepared in moderate to good yields. Rationale of the cycloaddition with the secondary nitro compound is viewed as a result of the bridge cleavage of the C16-C17 bond under weakly basic conditions followed by formation of nitrile oxide intermediate.
Introduction
Nitrile oxides have found wide application during several decades in organic synthesis. 1, 2 Isoxazoles and isoxazolines prepared by 1,3-dipolar cycloaddition of nitrile oxides to acetylenes and olefins can be easily transformed via ring cleavage into various bifunctional derivatives like β-ketols, β-aminoalcohols, β-diketones and others. [3] [4] [5] [6] The development of stereoselective methods for isoxazoline preparation has increased substantially their synthetic potential. [7] [8] [9] [10] The techniques of nitrile oxide preparation have been constantly improving, but generally, they are based either on dehydrochlorination of hydroximoyl chlorides 11 or on dehydration of primary nitro compounds. 12 It has been shown 13 that in weakly basic conditions, nitro steroid 1 underwent cleavage of the С16-С17 bond. The most probable product of such cleavage is nitrile oxide 3, resulting from decomposition of the cyclic intermediate 2 (Scheme 1), which is produced by attack of the aci-form of the nitro group on the 17-acetate carbonyl group. This can be proven by the fact that the product of tertiary alcohol cleavage, nitro ketone 4, was isolated under more basic conditions. The nitrile oxide was fixed by trapping it with propargyl alcohol. Thus, the reaction of nitro adduct 1 with propargyl alcohol in the presence of sodium hydrocarbonate in ethanol gave isoxazole 5 in 50% yield. Mechanistically, the generation of the nitrile oxide can be considered as an intramolecular version of the Mukaiyama-Hoshino procedure 12 and other closely related methods. [14] [15] [16] [17] We have undertaken a present study of the dipolar cycloadditions with several other dipolarophiles to elucidate the scope and application of this transformation for the synthesis of isoxazoles and isoxazolines in steroid series.
Scheme 1

Results and Discussion
As potential precursors of steroidal nitrile oxides, we used nitro adduct 1 and its dihydro derivative 6, which had been prepared in accordance with the known methods. 13 Earlier, relatively stable steroidal nitrile oxide was prepared in our laboratory and its reactivity toward dipolarophiles was analysed. 18, 19 As far as reactivity and stability of nitrile oxides from nitro steroids 1 and 6 were not known, firstly, we have chosen acetylenes and olefins, which promised to be active enough in cycloaddition. Thus, we tested the THP-protected propargyl alcohol as dipolarophile to clarify the influence of the free hydroxyl group on the yield of the reaction with nitro compound 1 (Scheme 2). It was found that the yield of isoxazole 7a was definitely better (65% versus 50% for the free propargyl alcohol adduct 13 5). Quite expectably, isoxazole 7a was isolated as a mixture of epimers due to the chiral center in the tetrahydropyranyl group (ratio 1:1 based on the integration curve in the 1 H NMR spectrum).
product of these reactions was lactam 11.
Interesting results have been obtained when olefins were used for the cycloaddition. Although dipolar cycloadditions of nitrile oxides with olefins are considered to be more efficient than with acetylenes, 1,4 the first candidate employed as dipolarophile, allyl alcohol, was completely unreactive in the reaction with nitro compound 1 and only lactam 11 was isolated. However, vinyl ethers 14, 21, 22 such as ethyl vinyl and butyl vinyl ethers reacted smoothly with both nitro compounds giving the corresponding isoxazolines 8b, 8c, 10b, 10c as 1 : 1 mixtures of diastereomers at the 5'-position of the heterocyclic ring. The yields of 70-79% were substantially higher in comparison with the isoxazole syntheses. Isoxazole 7e was detected in 6% yield when the reaction of compound 1 was carried out with ethyl vinyl ether. The formation of 7e can be explained by elimination of ethanol in the isoxazoline ring. Isoxazole 7e was found as a major reaction product (45%) of compound 1 with 2-chloroethyl vinyl ether. 21 Interestingly, that in successful synthesis of isoxazolines 8bc, we failed to isolate lactam 11, which accompanied isoxazoles in their preparations from nitro compound 1. The structure of the adducts was analyzed by 2D NMR spectroscopy and complete assignment of their 1 H and 13 C NMR spectra was achieved. All spectroscopic data are in full agreement with the proposed structures. All isoxazoles have a single proton peak at 6.15-6.41 ppm depending on the substituent at C-5' in the 1 H NMR spectra. A complete set of three carbon atoms of the isoxazole ring was found in their 13 C NMR spectra. The resonances are as following: C-3' at 160-161 ppm, C-4' at 101-104 ppm and C-5' at 169-170 ppm. 2, 23 The presence of the additional chiral center in the THP-group of steroid 7a affects the nuclei of the atoms nearby and they give a double set of resonances in spectra. Similarly, the NMR spectra of diastereomeric mixtures of isoxazolines have doubled peaks of nuclei around ring D due to the chiral center at C-5' of the isoxazoline ring. The proton resonances of the isoxazoline ring were found at 2.73-2.86 ppm and 3.05-3.10 ppm (4'-H, methylenes) and 5.43-5.47 ppm (5'-H, methynes). Carbon nuclei are more sensitive in relation to the chirality at C-5' and doubled signals were assigned to all carbons except those in the ring A. Peaks of the heterocyclic nuclei in the 13 C NMR spectra were at 46-47 ppm (C-4'), 101-102 ppm (C-5') and 156-158 ppm (C-3').
Conclusions
A new approach to heterocycle-modified steroids bearing a substituent (isoxazole or isoxazoline) at C14-position has been developed. It comprises 1,3-dipolar cycloaddition of acetylenes and olefins to steroidal nitrile oxide generated from nitro acetates 1 and 6. 25 All reactions were conducted under positive argon pressure.
General procedure for preparation compounds 7-10 NaHCO 3 (5 mmol) and dipolarophile (10 mmol) were added to a solution of nitro compound (1 mmol) in absolute ethanol. The mixture was refluxed for 3-19 h and cooled. The solution was evaporated to about 15% of the original volume and then diluted with water (10 mL) and extracted with dichloromethane. The organic phase was washed with brine, dried (Na 2 SO 4 ) and concentrated. The residue was chromatographed on silica gel with ethyl acetate/toluene (10:90) as eluent. 
3-Methoxy
3-Methoxy-14β-[5'-(diethoxymethyl)-isoxazol-3'-ylmethyl]-estra-1,3,5(10),15-tetraen-17-one (7f
